ABSTRACT In "post hoc" subgroup analyses, a simple classification system for patients, based on the presence or absence of findings indicative of electrical and/or mechanical complications early during short-term hospitalization, was applied to the data from the Beta-Blocker Heart Attack Trial (BHAT). In the largest subgroup of BHAT patients who had no reported complications, the 25 month mortality was low and the observed benefit of propranolol therapy small. Patients with electrical complications only had intermediate mortality and a pronounced effect of treatment was observed. Those with mechanical complications had the highest mortality and experienced an intermediate relative benefit of fl-blocker treatment. They also reported the most adverse effects. Post hoc analyses should always be interpreted cautiously. It is important to determine whether these findings are present in other completed fl-blocker trials. On the basis of these analyses alone it is suggested that the present practice of prescribing fl-blockers in postinfarction patients should not be altered. Circulation 69, No. 4, 761-765, 1984. LONG-TERM controlled clinical trials of fl-blockers in survivors of myocardial infarction (MI) have convincingly demonstrated benefit with respect to mortality from all causes," 2 coronary mortality,'-' and sudden cardiac death. ", 2. 4 
LONG-TERM controlled clinical trials of fl-blockers in survivors of myocardial infarction (MI) have convincingly demonstrated benefit with respect to mortality from all causes," 2 coronary mortality,'-' and sudden cardiac death. ", 2. 4 The favorable results have also raised many questions. First, how do the fl-blockers exert their positive action? The data from the trials would suggest that the drugs have both an antiarrhythmic and an anti-ischemic effect.5 6 Second, should all patients with MI be treated with lM-blockers? Different opinions have been expressed. A view shared by many is that patients at low risk, i.e., those with an uncomplicated hospitalization, have little to gain from treatment.7' Third, can f3-blockers be used safely in patients with MI who have been in congestive failure?
A simple classification of risk for patients after MI was developed on the basis of a prospective epidemiologic study by Elmfeldt and Wilhelmsen. 9 The system has been used for stratified randomization in a few trials performed after patients had an ML. "' " The patients are classified on the basis of the presence or absence of findings indicative of electrical (rhythm) and/or mechanical (pump) complications early during hospitalization.
A slightly modified system was applied post hoc to the data from the Beta-Blocker Heart Attack Trial (BHAT). Analyses were conducted to address the three aforementioned questions. Because no prior hypotheses were established, the results should be interpreted with due caution.
Methods
BHAT was a randomized, placebo-controlled, clinical trial sponsored by the National Heart, Lung and Blood Institute and was designed to determine the efficacy of long-term treatment with propranolol in patients enrolled 5 to 21 days after a documented MI Approximately 55% of the patients in the BHAT study had no reported electrical or mechanical complication during their hospitalization prior to enrollment. Nearly one-fourth met the definition of having an electrical failure only. A total of 22% suffered a mechanical complication and approximately half of these had an electrical problem as well (table 1) .
The mortality from all causes for placebo patients with no complications was 6.6% during the average follow-up period of 25 months. Patients with evidence of mechanical problems were at the highest risk and in the control group had a mortality of around 17%.
Those with an electrical complication only had a mortality (10.9%) in between those of the other risk groups (table 1) .
In the large subgroup with no complications, the observed benefit of propranolol treatment was only 6%; that is, the relative risk was .94. The most pronounced percentage difference in mortality between the two study groups was observed in the subgroup with electrical problems only. The mortality in the propranolol group was roughly half of that in the placebo group; the relative risk was .48. In the two risk groups with mechanical complications, the relative difference in mortality was 38% and 24%, respectively. Statistical adjustment by logistic regression with the Walker-Duncan method for differences between treatment groups in baseline prognostic factors yielded minor shifts in the relative risks (table 1).
In the subgroup of patients with neither electrical nor mechanical complications, the numerical difference in the mortality for patients receiving propranolol and placebo was -.4/100, indicating that less than half of one life was prolonged per 100 patients treated during 25 months. The highest "absolute risk reduction" was found in the subgroups with either electrical or mechanical problems; between four and six lives were prolonged for every 100 patients treated. Although the relative benefit of propranolol treatment was intermediate in the two risk groups with pump complications, the high mortality for those on placebo in these two groups explain why the numerical differences (mortality for patients on placebo minus mortality for those on propranolol) are high (table 1) .
Of the patients receiving placebo who had mechanical problems in BHAT, 25 died instantaneously as compared with 13 of the patients receiving propranolol. In addition there were fewer nonfatal MIs in the actively treated group (15 vs 24) compared with the group receiving placebo.
A more detailed analysis of the individual electrical and mechanical complications is shown in table 2. Patients who had suffered an episode of ventricular tachycardia during hospitalization made up the single largest subgroup. Among these patients, mortality was 44% lower in the propranolol group than in the control group. The lowest relative risk, which suggests patients received special benefit from propranolol therapy, was observed in the small subgroup of patients experiencing ventricular fibrillation before randomization. The highest relative risk, which indicates little benefit from therapy, was seen in the small subgroup of patients who had episodes of pulmonary edema before enrolling in BHAT. AAdjusted for 13 baseline factors predictive of mortality in BHAT.
The occurrence of symptoms usually attributed to ,3-blocker therapy was monitored in the trial.2 When they were severe, the blinded BHAT treatment was stopped either temporarily or permanently. Within the risk groups "none" and "electrical only" there were no major differences in the incidence of congestive heart failure between the propranolol and placebo groups. For example, the incidence of congestive heart failure was similar in both treatment groups, while sinus bradycardia was slightly more common among the patients receiving propranolol (table 3). In the patients with mechanical problems, congestive heart failure was more common. Moreover, in these groups with mechanical problems, propranolol treatment seemed to cause an increased incidence of congestive heart failure. Also, in the risk group with both mechanical and electrical complications, the incidence of sinus bradycardia was increased with propranolol treatment (table 3) .
Preliminary data from Holter monitoring performed before the study drug was administered show that com- 
Discussion
When data on mortality is compared across clinical trials it is important to consider the composition of the study population according to the degree of risk. More than half of the patients in BHAT represented a lowrisk group with a 25 month mortality of 6.6%. The small relative effect of treatment in this subgroup is in contrast to a greater benefit observed in the three patient subgroups that had an electrical and/or mechanical complication before enrollment. Thus, if these post hoc results hold generally, in a trial of patients at high risk one could expect a greater overall reduction in mortality after 13- The benefit of propranolol treatment on mortality from all causes in patients with mechanical problems appears paradoxic because congestive failure was seen more frequently in the propranolol group. However, it is well known that a large proportion of patients with congestive heart failure die suddenly, usually of ventricular fibrillation. The findings of BHAT suggest that propranolol exerts a beneficial antiarrhythmic effect (lower rate of instantaneous death) and an anti-ischemic action (fewer nonfatal MIs) in patients with mechanical complications. It should be noted that the small number of patients who have had an episode of pulmonary edema experienced little benefit from propranolol after having an MI.
In view of the benefit of propranolol in the risk groups with either electrical or mechanical complications, one might have expected the same favorable outcome from treatment in the combined risk group. Two possible reasons may explain the observed smaller benefit in this subgroup. First, the patients experienced more cardiovascular side effects and the cardiodepressant action of the /3-blocker may have outweighed some of the favorable effects. Second, the numbers are small and therefore susceptible to chance variation.
The findings presented here may appear contradictory to those previously published from BHAT.' When Previous reports of /3-blocker trials have illustrated the potential problems with subgroup analyses. Subsets of patients have been identified in which treatment was claimed to be particularly beneficial or harmful. 15 16 None of these observations has been confirmed in other /3-blocker trials. Post hoc analyses should always be interpreted cautiously.'7 The analyses presented here represent an attempt to address the questions raised by the recent /8-blocker trials. It is important to see if these findings are present in other completed trials. On the basis of these analyses alone, present practices for prescribing /3-blockers in postinfarction patients should not be altered.
